The sensitiveness of solid high explosives to impact Oscillographic methods have been used to examine the periods between impact and explosion and impact and rebound in the explosion of several solid high explosives confined between steel surfaces and subjected to the blow of a falling weight. Impact-explosion times up to several hundred /i&ec. were observed, the time increasing with diminishing impact sensitive ness of the explosive and with lower impact energies. The impact-rebound time always ex ceeded the impact-explosion time in the same experiment. The effect of foreign substances on the times was examined; the time lag before explosion was diminished by adding quartz but could not be increased by the addition of soft materials. The mean velocity of blastwave propagation from explosion was observed to increase with the impact-explosion time.
Introduction
The view advanced by Berthelot (1883) , that the initiation of explosives by shock is due to a transformation of mechanical energy into heat, has been supported by a number of later investigators, although Carl (1940) , noting a lack of correlation between the reported ignition temperatures and impact sensitiveness of explosives, has advanced criticisms, while Taylor & Weale (1938) consider explosion by impact to be brought about by the establishment across a thin layer of explosive of a stress greater than a critical value and the consequent setting up of tribochemical action at the interfaces between component particles. A direct demonstration of the initiation of explosion in liquid explosives by small hot spots has, however, been given.by Belajev (1938) , who suddenly heated very thin platinum wires in nitrogen trichloride and nitroglycerin, and by Bowden, Mulcahy, Vines & Yolfe (1947) , who obtained hot spots in liquid explosives by the adiabatic compression of gas bubbles under impact conditions.
We have made an experimental examination of the impact test for solid explosives with special reference to the time intervals involved between impact and explosion and the subsequent rebound of the falling weight. It is then possible to make some estimate of the localized temperature rises which might occur through viscous flow preceded by partial liquefaction of the explosive, at a temperature usually higher than the normal melting-point on account of the pressures developed. The con-•ditions for the development or extinction of a hot spot in an explosive can be formulated in terms of kinetic and thermal quantities which are known for a
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[ 135 ] IO number of explosives, and are reducible to the specification of a critical temperature for a hot spot of a given size in a given explosive, which must be exceeded to avoid extinction of the hot spot by heat loss. These critical temperatures are found to be of a magnitude attainable through liquefaction and flow, and, furthermore, a com parison in a series of explosives of the critical temperatures for various hot-spot sizes with the sensitiveness to impact reveals a high degree of correlation. I t there fore seems probable th at the formation of hot spots is a prime factor in the initiation of high explosives by impact.
Experimental

Materials
The cyclotrimethylenetrinitramine, pentaerythritol tetranitrate and tetryl were finely crystalline purified samples from Woolwich Arsenal. Nitrogen iodide (NI3NH3) was prepared by addition of 10ml. of ammonia of sp.gr. 0-88 to 200mg. of iodine dissolved in 2 ml. of M-potassium iodide. The precipitate was washed with dilute ammonia and portions of 5 to 10 mg. transferred while wet to circular pieces of mica. The material when dry could then be placed with the mica in the impact machine without premature explosion.
Impact machine
The sample of explosive was enclosed between the flat surfaces of two iin . Hoffmann steel roller bearings, these being held vertically by a cylindrical piece of metal containing two 6 mm. diameter tubes bored along a diameter to allow the explosion gases to escape. A third tube entered one of these tubes at right angles at the end next to the explosive, down which detecting electrodes for the ionization accompanying the explosion were inserted, being thereby brought to within 2 mm. of the explosive. The lower roller acting as anvil rested on a steel base of 3 cm. thickness supported on a heavy cast iron base 13-5 cm. thick weighing 80 kg. The upper roller acting as hammer was struck by the plane end of a freely falling cylin drical steel weight 33 cm. long weighing 4075 g., released from an electromagnet. The weight underwent some plastic deformation at its striking end; however, no difference in the results could be detected immediately after smoothing it. The explosive was distributed in a thin uniform layer between hammer and anvil.
Measurement of time intervals
Electrical contact made between the falling weight and the hammer was used to operate a single stroke time base applied to the X plates of a cathode-ray tube, the first moment of impact being therefore marked by the initial position of the light spot. A simple device was added to the ordinary time-base design to prevent the bouncing of the weight off the hammer causing the electron beam to fly back again. The essential features are shown in figure 1. Contact between the weight and striker discharged the condenser Cx through the small resistance (Rx) of the leads and contact, while the condenser (C2) formed by the grid and cathode of the thyratron was discharged through the 100,000 £2 resistance (Z?2). When contact was broken the grid voltage only regained its original value by the charging of through the 2 mQ resistance jvith a time constant of 2 sec., a slow change which did not influence the anode circuit. An exponential sweep was used with a half-traverse time of 1-4 msec. The smallest measurable time interval was about 20//sec. ( | mm. on the photographic record). I t is important to consider the time lag between the making from which the two time constants were each of the order of 1 //sec. The delay in the starting of the time base was therefore negligible compared with the periods to be investigated (usually over 100//sec.). To detect the explosion the ionization accompanying it was used to form a slightly conducting path between two copperplated iron wires about 1 mm. apart. A potential of 200 V between these electrodes and two stages of amplification gave pulses of several hundred volts from explosions of 10 mg. of explosive. The apparatus was also sensitive to the small spark produced by the making of contact between the weight and hammer, but no difficulty was found in distinguishing this from the effect of the explosions.
Sensitiveness of explosives to impact
To observe the moment of rebound of the falling weight from the hammer a modified time base was used whereby a 30 V potential was removed from one of the Y plates at the moment of contact and applied again at the breaking of contact. With a double-beam cathode-ray tube the three moments of contact, explosion and rebound were observed in a single experiment. A pressure-recording condenser' operating in a tuned circuit with amplifying arrangements was used for observing the arrival of shock waves from the explosions. To investigate wave forms at some distance from the source it was convenient to have a time base with a variable delay period between the moment of contact and the moment of actuation. This was achieved very simply by allowing the sound wave produced by the impact of the weight on the hammer to strike a moving-coil microphone at a variable distance from the hammer, the voltage developed being amplified and arranged to give a positive pulse at the grid of a thyratron to actuate the time base.
Each experiment was recorded photographically on a stationary piece of sensitive paper. The time base was calibrated with a beat-frequency oscillator, confirming the calculated time constant. The satisfactory nature of the timing methods was shown by experiments with nitrogen iodide (a test suggested by Professor W. E. Garner). The time between the first contact and the explosion was too short to be observed with accuracy and could be estimated as less than 20 /nsec.
Results
Impact-explosion times
The time between contact and the arrival of the ion cloud a t the detecting elec trodes was somewhat variable, and it was necessary to carry out a number of experiments under each set of conditions. In table 1 some results are given for nitrogen iodide, pentaerythritol tetranitrate (PETN), cyclotrimethylenetrinitramine (cyclonite) and tetryl for the same impact conditions. The degree of vari ability in the results can be seen from the collection of values for separate experi ments. These results show a tendency for the impact-explosion time to increase as the sensitiveness of the explosive diminishes. In the case of PETN the mean time is independent of the quantity present in the range 10 to 50 mg. W ith cyclonite the shorter time for the larger quantities is hardly of significance in view of the variations of individual results, but it might be due to faster burning of the thicker layer once it is initiated. The exact geometry of the impact did not seem to be crucial in deter mining these times; thus quite similar results were obtained with PETN when the falling weight was dropped through a tube so th a t the impacting surfaces were about 2° from parallel. The explosions were then often rather feeble, leaving an appreciable quantity of the explosive remaining between the hammer and anvil. Similar results with both cyclonite and PETN were obtained on replacing the heavy iron base of the impact apparatus with a brass block 7*5 cm. thick of weight only 17 kg. W ith no block underneath the apparatus explosions could not usually be initiated. A large increase in the impact-explosion time was brought about by decreasing the height through which the weight was dropped, as can be seen from table 2. Effect of foreign substances I t is well known th at explosives are made more sensitive to impact by adding hard bodies to them, and less sensitive by adding certain soft bodies such as waxes. The effect of sensitization on the impact-explosion time was examined using PETN containing 18 % of powdered quartz. The mean time was reduced by 80/tsec. for a 4 kg. weight fading through 70cm. It seems probable th at the grinding of quartz particles against one another and against the hard steel confining surfaces enables local hot spots of sufficient temperature and size to initiate explosion to arise at an earlier stage of the impact than th at which must be reached for the initiation of the pure explosive. No corresponding increase of impact-explosion time was observed on diminishing the impact sensitiveness with beeswax and stearic acid. The height through which a 1-5kg. spherical falling weight had to be dropped to give a prob ability of explosion of \ for 25 mg. of cyclonite was raised from 31-5 to 39 cm. by deposition on the explosive crystals of 1-2 % of beeswax, but the mean impactexplosion time for the conditions of table 1 was 300/^sec., essentially the same as th at for the pure explosive. Again an extremely pronounced desensitization to impact was brought about by depositing a thin layer of wax on both hammer and anvil of the impact apparatus; cyclonite, for example, with 1*2 % beeswax applied in this manner, had a 50 % explosions height of 72cm. (explosions being detected by ear). The effect of such layers on the impact-explosion time was investigated using PETN and a stearic acid layer 5 x 10_4cm. thick on both hammer and anvil, when a 4 kg. weight falling through 59 cm. produced no readily audible explosions although decomposition could be detected by the ionization produced and by ex amination of the residues. The mean time from impact to ionization was 240/^sec., very nearly the same as th at for the PETN alone. These findings indicate the quenching of hot spots and the prevention of their propagation to be important factors in the action of desensitizing waxes. The extreme efficiency of desensitizers when applied to the confining surfaces suggests that hot spots may be mainly formed on or near these, although there seems to be no clear experimental demonstration of this.
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Impact-rebound times In the absence of any substance between the hammer and anvil the impactrebound period for the 4 kg. weight falling through 59 cm. was 460 /<sec. and was fairly reproducible (maximum deviation ± 20/^sec.). A diminution of the height of fall tb 10cm. increased the time to 690/^sec. Replacement of the normal iron base of the apparatus by the thinner brass base reduced the time to 420 for 4 kg. falling 61 cm. The time could be increased to 3 to 4 msec. by placing a rubber sheet 3-5 mm. thick under the 3 cm. steel base on which the anvil rested, but with the usual impact-energy explosion of PETN and cyclonite could not then be brought about. The presence of a thin layer of material between the hammer and anvil had a marked effect in increasing the impact-rebound time, similar increases being produced by both explosives and inert substances. Thus with 50 mg. of finely crystal line PETN the mean time became 730/^sec. compared with 725 psec. for the same quantity of finely crystalline potassium chloride (for 4 kg. falling 59 cm.). With large crystals of potassium chloride a longer time was observed, the increase with crystal size corresponding within the limits of error to the time taken for the falling weight to travel through the small extra distance the hammer was elevated by the diffuse ness in packing of the large crystals. Hence it seems th at the initial work done in crushing the large crystals to a more uniform layer of powder does not appreciably diminish the velocity of the weight. The total quantity of substance present, how ever, was of importance, the times decreasing uniformly with decreasing quantity of material; thus with 15 mg. potassium chloride the time was 550//.sec. The dura tion of the impact was nearly the same with 50 mg. tetryl (650/^sec.), which flowed so readily as to be almost completely squeezed out from between hammer and anvil, and 50 mg. quartz (610psec.) which did not flow. The presence of the stearic acid layer on hammer and anvil and the addition of beeswax to the sample did not significantly alter the impact time. A considerable number of experiments with the light brass base gave very similar results.
In nearly one hundred experiments under varied conditions in which both the moment of explosion and of rebound were observed, explosion invariably preceded rebound. No other relation was observed between the two time intervals. In the case of a very sensitive substance exploding almost immediately on impact without great violence, it "might be expected th at the time of impact would be nearly the same as that with no substance present, since a weight which has fallen through 59 cm. moves 0-034 mm. in 10psec. and cannot therefore subject the explosive layer to very great compression if it is transformed to gases in this time. This was investigated using nitrogen iodide without the complication of mica; through premature explosions only one measurement was finally made, which gave 480 for the impact-rebound time, in good agreement with the theoretical expectations.
Velocity of ion cloud and shock wave from explosions
A few observations on the velocities of the ionized gases and the shock wave produced by impact-initiated explosions showed these to be of a much more violent nature than those arising with high explosives like PETN and cyclonite from uniform heating of similar quantities of material a t atmospheric pressure. In measuring these velocities an earlier form of impact apparatus was used containing four tubes at right angles of length 1-5 cm. and diameter 3 mm. to liberate the gases produced. By observing the mean time between contact and the arrival of the ion cloud at the electrodes when placed at two different distances beyond the end of one of these tubes, the average velocity of the ion cloud for 1-3 cm. beyond the end of the tube was found to be 120 m./sec. for explosions of 50 mg. PETN initiated by 4 kg. falling 70 cm. To estimate the mean velocity of shock-wave propagation through the air the moment of explosion was recorded by ionization and the arrival of the shock wave recorded by the condenser placed 14cm. from the end of one of the tubes along a line making an angle of 45° with it. Mean velocities considerably greater than th a t of sound were then observed. A tendency was observed with both PETN alone and in admixture with quartz for the wave velocity to increase as the impact-explosion time increased, as is evident from the figures in table 3. In calculating these velocities the flame and pressure effects were assumed not to be significantly separated during their travel to the electrodes. These results suggest that as the impact proceeds the explosive layer becomes aggregated and packed into a layer of greater density which, with the increasing pressure as impact proceeds, causes explosions initiated a t a later moment of impact to be more violent. During the period between impact and explosion no gas evolution from either PETN or cyclonite could be detected with the pressure-recording condenser in free air even when it was brought to within 5 cm. of the explosive, and with a time scale of 3 cm. per msec, the explosion initiation still appeared to be a rather sudden process. The reactions occurring must therefore proceed at least some 103 or 104 times as fast as those involved in the explosions of small quantities of these substances which arise spontaneously from slow thermal decomposition at atmospheric pres sure. The impact explosions are, however, limited in violence by the smallness of the sample used; thus the maximum pressure exerted on the condenser by the explosion in the impact apparatus of 50 mg. of PETN or cyclonite at a distance of 2 m. was only about 2 mm. of mercury.
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Radial flow velocities
With the organic explosives inspection of the residues after impact when explosion did not occur showed a considerable proportion of the sample to have flo wed radially out of the space between hammer and anvil. In view of the short duration of impact high flow velocities must be attained. This was confirmed by direct measurement with cyclonite mixed with a small quantity of polyisobutene. This prevented the complete disintegration of the sample, and quite large particles (up to 10 mg. ) were ejected from the impact apparatus at right angles to the direction of impact although no explosion could be detected. The trajectory of such particles was readily observed by allowing them to penetrate very thin paper screens and observing the holes, and at once gave the initial velocity. An impact of 1*5 kg. falling 75 cm. gave particles with a horizontal velocity of 1500cm./sec.
Discussion
The experiments reveal the existence of a time interval between the first moment of impact and the resultant explosion which for typical high explosives is of the same order of magnitude as the total time of impact. This time interval includes both the time elapsing before explosion is initiated and the time required for propagation of the explosion to the point when the ion cloud reaches the detecting electrodes. The experimental observations suggest this latter time to be relatively short. The increased velocity of shock-wave propagation with increased impact-explosion time observed with PETN shows the explosions to be more powerful after longer delays, whereas the opposite behaviour would be expected if the delay was primarily due to the slow development of explosion. If, on the other hand, the delay is primarily due to a late initiation of explosion the experimental observations are explicable as already indicated. The fact that very weak explosions can be obtained in the presence of stearic acid layers without increasing the impact-explosion time also shows the lack of correlation between weak explosions and long impact-explosion times. Again the observation th at no explosions are detected after the rebound of the falling weight suggests the delay period before initiation to be relatively long. An explosion will clearly not be initiated after the weight has bounced off the hammer, but there seems to be no reason why a slowly propagating explosion, even if stopped by the rebound of the weight, should not be detected by the ionization method at a moment later than th at of rebound. The hypothesis of a relatively short duration of the stage of explosion is also supported by the high velocities of the shock wave and the ion cloud and by the abrupt break in the pressure-time curves obtained from impact explosions, and in addition is in general agreement with the observation th at more sensitive substances explode after shorter delay periods. Bowden & Gurton (1948) have studied with a high-speed camera the growth of explosion of several solid explosives initiated at a small gas space included during the impact, and a typical photographic record for PETN shows th a t a time of some 20 jusec. would elapse between the initiation of the explosion and its detection 1 cm. from the point of initiation. This is much less than the time intervals reported here for continuous films of explosive, when the impact energy required to give explosion has been shown by Yoffe (1948) to be greater than th at required for the explosive distributed as an annulus so as to include an air or vapour space. Bowden & Gurton observed rather variable initial burning rates which could be as low as 100 m./sec., and thus in an extreme case when such burning occurred for 1 cm. a delay of 100 /nsec. could arise before detection of the explosion by the ion cloud. Thus the variability of impact-explosion times may be partially due to variations in burning rate, although the increased energy and longer delay periods required for initiation of continuous films of explosive probably result in initial burning at the faster rates observed by (up to 600m./sec. for PETN) on account of the greater external pressure on the explosive layer.
Bowden & Gurton
It seems probable that the forces exerted on the layer of explosive will become greater as the impact proceeds, reaching a maximum after a time greater than half the duration of the impact. It may be noted that the duration of impact is consider ably greater than the time required for elastic waves to traverse the various parts of the apparatus, and some analogymay be drawn with a weight striking an imperfect spring. From this viewpoint the impact-explosion lag consists chiefly of the period during which the force or pressure exerted on the explosive is increasing until it attains a value sufficient for initiation; consequently, the time lag is greater for lower energies of impact, and for less sensitive explosives at constant impact energy. In considering the sensitiveness of explosives to impact attention should be given not only to the kinetic energy or momentum of the falling weight but also to the rate at which the forces are applied to the explosive, which as judged from the total duration of impact increases with increasing height of fall. This may have some bearing on the question sometimes discussed of whether the kinetic energy or the momentum of the falling weight is of importance in the impact test. If, as suggested here, hot spots arise by partial liquefaction and viscous flow of the explosive the pressure exerted on it is of primary importance, and hence the rate at which the falling weight loses momentum. Since, however, the time intervals become shorter with larger heights of fall, experiments with different masses and velocities may show an apparent dependence of initiation efficiency on the kinetic energy of the falling weight or on a quantity intermediate between this and momentum.
Theoretical discussion of explosion initiation by hot spots
It is of interest to examine the conditions for the growth of a small hot volume of explosive situated inside a volume of the same explosive and to compare the results for different explosives with the sensitiveness to impact. The condition for survival of a hot spot will be taken as being the same as that for an ordinary thermal explosion, namely, that heat evolution by chemical reaction should exceed heat loss. The hot spot problem is essentially one of an unsteady state, since both heat loss and heat evolution are a function of time and temperature, and the exact treatment is difficult. The rate of heat evolution in the hot spot, however, varies much more rapidly with temperature than the heat loss by conduction, and the critical tem perature which a hot spot must exceed to avoid extinction can be calculated by an approximate method. To make possible a treatment in terms of experimentally determined quantities only, a number of assumptions are implicit in the theory. The hot spot is assumed to consist of liquid explosive in agreement with the state ment of Bernal (1938) that the intervention of a liquid phase is usuafly essential in the reactions of solids brought about by grinding or friction. To simplify calculation only sharply defined spherical hot spots are considered, situated in an infinite shell of explosive. The heat actually conducted to points at an appreciable distance from the hot spot is negligible, so that calculation for infinite quantities of explosive must be very closely valid for small quantities. The small size of the hot spots and the very short time intervals involved make it unlikely that convection will be important in ess of explosives to impact determining heat loss from the hot spot, and when this is surrounded by solid explosive heat loss must occur mainly by conduction; calculations are therefore made with Fourier's equation for heat conduction assuming the thermal con ductivity and diffusivity of the liquid and solid explosive to be the same. The rate at which reaction occurs in the hot spot is calculated from an Arrhenius expression for the spontaneous decomposition rate of the explosive determined at lower tem peratures and ordinary pressures, no allowance being made for a possible alteration of reaction rate under the high pressures prevailing in the impact, which should not, however, be very great according to the general findings of Perrin (1938). The heat of reaction is assumed to be the same as in the ordinary thermal decomposition; some observations made in collaboration with Yoffe on the similarity of the gaseous products from the controlled thermal decomposition and the impact-initiated explosions of several explosives demonstrated the approximate validity of this assumption.
Consider a spherical hot spot to be formed at zero time. The temperature at any point outside the hot spot distant r from its centre will increase after time t by 6, the Fourier equation in spherical polar co-ordinates allowing for spherical symmetry being dt pc \ 0r2 "*"r 0r/ ' where k, p and c are the thermal conductivity, density and specific heat of the explosive respectively. If the radius of the hot spot is a and at zero time it is at a uniform temperature 0Q above that of its surroundings, the appropriate boundary conditions for equation ( 
where 0 is given by equation (3).
The heat evolution by chemical reaction has been neglected here, but for small intervals of time the heat loss from a reacting hot spot must be essentially the same as that from a similar hot spot which is not reacting. In finding the explosion! condition the heat produced by reaction must be introduced. If t is much less than the half-life of the reaction at the temperature of the hot spot (T°K ), and most of the hot spot is still near its initial temperature, requirements which are easily satisfied with an appropriate value for t, the heat evo same interval is heat evolution = %nazptq4.e~EIRT,
where q is the heat of reaction per unit mass for the decomposition of the explosive and Ae~E/RT is the Arrhenius expression for the reaction rate. From equations (4) and (5) a critical value of T for a hot spot of a given size can be found such that heat evolution just balances heat loss.
60 is determined by of the hot-spot surroundings is fixed. Equation (5) neglects any heat evolution in the surroundings of the hot spot; it can be seen, however, from equation (3) that for all finite values of t, 6 in the region r> a never exceeds \0 Q . This makes any heat evolution in the surroundings of the hot spot during its early life quite negligible.
The treatment lacks in elegance, particularly in the use of the arbitrary time interval t. In applying the equation to explosives this is not serious, since t can be varied by a factor of 10 without altering the calculated hot-spot temperature by more than a few parts in a hundred. Thus for hot spots of 10-3 cm. radius in pentaerythritol tetranitrate, taking t = 10 /isec., the critical temperature is found to be 370° C, and with t = 1 0 0 jisec. i t is 350° C. A more el however, would be to solve the general equation
where T0°K is the initial temperature of the explosive surrounding the hot spot, when the explosion condition should emerge naturally from the mathematical treatment, the additional term in (6) as compared with (1) making allowance for the chemical reaction.
The reaction-rate constants and some analytical data for several explosives were determined in separate investigations and are briefly summarized below.
In computing heats of reaction from the analytical data some uncertainty arises through lack of knowledge of the amounts of water and aldehydes formed, and in addition the organic explosives leave solid residues of an unknown nature after decomposition. Hence it is necessary to estimate the amounts of water and aldehyde formed from available data, and to assume the heat of formation of the residue to be the same as that of the explosive. The calculated heats of reaction refer to the various substances in their standard states and should strictly be corrected to hot spot conditions; the necessary specific-and latent-heat data are not, however, known, and no correction has been made for the organic explosives, which have heats of reaction very much larger than the likely correction. Although the heats of reaction are thus somewhat uncertain, the final critical hot-spot temperatures are not very sensitive to this quantity; a variation in heat by a factor of 2 only alters the critical temperature by about 4 % for the larger hot spots and up to 10 % for the smallest ones.
Ethylenedinitramine Assuming 1HCHO and 1*8H20 to be formed, and using -19kcal./gmol. for the heat of formation as quoted by Marshall (1932) , gives 191 kcal./gmol. for the heat of reaction.
Cyclotetramethylenetetranitramine. The decomposition follows the unimolecular equation with
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The decomposition products a t 280° C are represented by C4H 8N80 8 = 0*95NO + 1*51N20 + 1*16N2 + 0*57CO + 0*64CO2 + water and formaldehyde 4-residue.
If 1-2HCHO and 2*4H20 are formed, the heat of reaction is 253 kcal./gmol., taking the heat of formation of the explosive as -25kcal./gmol., a value computed by assuming the heat of combustion to be 4/3 that of cyclonite. Pentaerythritol tetranitrate. The unimolecular constant for the initial decom position over the range 161 to 233° C is given by = io19,8e_47,000/J?:z\ The decom position products obtained in a closed system a t 210° C are given by the equation C5H 8N40 12 = 0*52NO2 + 2*11NO + 0*42N20 + 0*07N2 + 0*28CO2 -I-0*9300 + 0*09H2 + water + formaldehyde + residue, although about twice as much nitrogen peroxide can be obtained if the decom position products are continuously swept away. The gas is reduced by secondary oxidation processes, which will, however, also occur to some extent in a hot spot, so the above equation may be used for estimating the heat of reaction. If 1-5HCHO and 2H20 are formed, this is 74kcal./gmol., taking for the heat of formation 100*5 kcal./gmol. as quoted by Marshall (1932) . Ethylenediamine dinitrate. The initial decomposition rate over the range 230 to 357° C before marked autocatalysis occurs is given by = 1013'1e~40* 500/R2'. The known products are given by the equation C2H 10N4O6 = 0*4NO + 0*13N20 + 1*06N2 + 0*01H 2 + 0*06CO + 0*29C02 + water + residue.
If 4H20 are formed the heat of reaction is 129 kcal./gmol., taking the heat of forma tion as 163 kcal./gmol. This last quantity was estimated from the heat of combustion of ethylenediamine, taken to exceed th at of the dinitrate by 84 kcal./gmol. from the figures given by Matignon (1893) for guanidine and guanidine nitrate, a correction being made for the latent heat of fusion of ethylenediamine. Ammonium nitrate. The decomposition follows the unimolecular equation with Jc -lQis-8 e-A0.5oo/RT At high temperatures (e.g. 350° C) nitrogen peroxide and nitrogen are observed from the decomposition together with nitrous oxide and water, but there is some evidence that their formation is favoured by dissociation of the ammonium nitrate and gas-phase reactions. Under the high pressures of impact conditions the decomposition at high temperatures is therefore taken to occur according to the usual equation NH4N 0 3 = N20 + 2H20 (gas), which gives 10*6 kcal./gmol. for the heat of reaction at 25° C. This value is sufficiently small to justify a correction for the latent heat of fusion and for the various heats of transition of form IV to I to give a value for the liquid of 13*5 kcal./gmol.
The hot-spot temperatures were found to be rather insensitive to such changes in thermal conductivity, specific heat and density as might occur between one ex-plosive and another, and these quantities were taken to be 2-4 x 10~4, 0-3 and 1-3 c.g.s. units respectively for all the explosives. The quantity t was given the values 10~4, 10-6, 10_8and 10-10sec. for the radii 10~3, 10~4, 10-5 and 10~6 cm. respectively. The calculated temperatures for the surrounding explosive at 20° C are shown in table 4 with a figure giving the insensitiveness of the explosive to impact. A good correlation between the calculated critical hot-spot temperatures and the sensitive ness of the explosives to impact is a t once apparent from this table. At first sight the rather high hot-spot temperatures for cyclotetramethylenetetranitramine seem to present an anomaly; this explosive, however, has an unusually high melting-point (276° C), so that once liquid explosive is formed by frictional effects the further heating required by viscous flow is correspondingly less than th at required for explosives of lower melting-point. A precise correlation between impact sensitive ness and hot-spot temperatures is not to be expected, as other factors must be involved; thus the ease with which burning is initiated from a small volume of hot gas probably differs between one explosive and another.
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